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CHARTS FOR DETERMINING THE PITCHING- LIOMENT OF 
TAPERED WINGS WITH SWSEPBACK AND TWIST 
By Raymond F. Anderson 



SUMMARY 



This report presents a convenient method for calcu- 
late 11 r; the pi t cliing- moment characteristics of tapered wings 
with swear>bach and twist. The method is based on the fact 
that the pi t ching-momen t characteristics of a ^ine; may be 
specified by giving the value of the pitching moment at 
zero lift and the location of the axis about which the mo- 
ment is constant. Data for calculating these characteris- 
tics are presented by curves which apply to wings having a 
linear distribution of twist along the span and which cover 
a large range of aspect ratios. The curves ars given for 
win»:n having straight taper and distorted elliptical plan 
for ;s. The characteristics of wings of other shapes may be 
deternined by interpolation . 

INTRODUCTION 



The use of tapered wings on airplanes has led to the 
development of methods of calculating the characteristics 
of such wings from the known characteristics of the sec- 
tions. Two methods for calculating the pitching moment of 
tapered wings are given in references 1 and 2. In reference 
l t formulas are given which apply to wings without twist and 
which have a lift distribution closely approaching an el- 
lipse. Factors for use in the formulas are given for a few 
plan forms and a few variations of section pitching moment 
across the span. In reference 2» formulas are given for 
straight- taper wings with twist and with constant section 
moment across the span. Factors for use in the formulas are 
tabulated for a few aspect ratios and taper ratios. The in- 
formation given in reference 1 is limited in scope, and that 
of reference 2 is presented in such form that it cannot be 
readily applied by airplane do signers. 
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The purpose of this report is to present a method by 
which airplane designers may readily calculate the pitch- 
ing-moment characteristics of tapered wings with swoop- 
back and twist. Formulas are given for calculating the 
pi tching-moment characteristics and factors for use in tho 
formulas are presented on charts/ The data on the charts 
are given for a large range of aspect ratios and. apply to 
wings having a linear distribution of twist along: the span. 
Curves for wings having straight taper and distorted ellip- 
tical plan forms are presented in a form which facilitates 
the determination of the characteristics of wings of other 
shape s . 

METHOD OF D.ETEHillKING THE PI TCHING— 1S0MENT CHARACTERISTICS 



In the method used in this report for the determina- 
tion of the pi tching-moment characteristics of wings, the 
wings are conceived to consist of a series of wing sections 
each of which has a constant pitching moment .about. a point 
called the aerodynamic center (approximately the quarter- 
chord point) and a lift force acting through that point. 
Tho locus of the aerodynamic contors of the wing sections 
is tho wing axis. For the wings considered in this paper 
the axis of each half wing is. straight (figs. 1(a), 1 (b) , 
and 1(c)). The angle between the wing axis and the lateral 
axis is the angle of sweepback (|3) of the wing. (See fig. 
1(a).) The plan form is obtained by superposing on the wing 
axis any desired distribution of chord lengths across the 
span. Two basic chord distributions are used in this report. 
One is linear and results in a straight-taper wing, which is 
shown in figure l(a). The taper of the wing is defined by 
the ratio c./c c - The other distribution is elliptical and 
results in a di stor ted elliptical wing, which is shown by 
figure 1(b). The distorted elliptical wing is obtained from 
an ellipse by displacing each chord in the line of its orig- 
inal position until the wing axis is straight, A third 
chord distribution, for which partial data are given* is 
the straight- t aper wing modified' to have rounded tips (fig. 
1(c)). The trailing edge of the tip of this wing is formed 
by a radius with center on the wing axis and the leading 
edge is determined by the condition that the wing axis re- 
mains straight to the tip. (See fig. 1(c).) 

The angle of attack of each section is the angl3 
through wnich the section has been rotated from its atti- 
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tude of zero lift. The twist of the wing is the variation 
in angle of attack along the span and is considered posi- 
tive when the angle of attack increases from the center to 
the tip. In this paper the distribution of twist along 
the span is considered to "bo linear and tho anglo of twist 
from center to tip is €• 

The method of determining the p-i tching-momen t charac- 
teristics is given only in outline here; a detailed expla- 
nation of the method including the' derivation of the for— . 
muLas will he found in the appendix. 

The aerodynamic properties of a wing with sweetpback 
and twist that contribute to the pitching moment may be re- 
garded as the pitching moments of the 'section's and the. lift 
forces distributed along the wing axis. To be strictly .?ac.-*. 
curate, the drag should be considered as well as the lift. 
However, as the moment contributed by the drag is small com- 
pared to the moment contributed by the lift, sufficient ac- 
curacy may be obtained by considering only tho lift. The 
moment contributed by the sections dopends on the distribu- 
tion of tho chord and tho section moment across the span. 
It in dosignatod -Mg and is oxpressod as a coefficient 
based on .the moan chord in the form 

To determine Q m , ' M g is found by integrating across the 

span. When tho socti on . moment coeffi ci ent C m / has a 

c ' 4 

linear variation from C n at the center to C at the 

c w t 
tip, C m may be expressed in the form 
S 

C m s = * 9» c + F «>a t - 0^) 

The factors E and I depend on the plan form and are ■ 
given in a chart (fig. 2) for wings having various plan 
forms. As the pi t ching-momen t coefficient of the individ- 
ual sections is considered independent of the angle of at-- 
tack, C m is independent of tho angle of attack and is 
not affected by twist or swoopback, 

The effect of. the lift forces distributed along the 
axis of a wing with sweepback and tuist may be explained 
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by 'considering the lift -di st rlbu'ti'dn as consisting ::of two 
di s'tiri'c t 'parish -One part'- i's the initial- di s-t¥ivbution! that 
the has '^at -^Ke at^f i'tiVde ■■■"of : -z e ? r : o : lixtv If :/the .: twi st 

of t&e °wing iV i"s W-£at-f-V : ei i ;: a'S ^isuSl , -tne; fo'r tfe s 'near /the 
t ids will "be direct od :: &'o^n^ard and ot hoi's* '"no dr the - center . 
will be directed upward. The sr ape r>f <t'hi s di str ibut i on ■ 
is dependent primarily on the twist and is the same for all 
angles' of attack. The • forces compos I-ris thl s distribution 
produce i' pi tching moment • that doe n not chanr© with- angle 
of at tack. This moment is desi'gtt&ted .: ,, M 7T " r : tha .'moment dr^o 
to twist. •' : r " . ' ; rv ." .1.7: : 

' Trio - moment ■ depends - on the an~le • of twi st , the 

angle 'of sweepback 3 , the • aspect ratio A, and the plan 

forrfi and is expressed as a coefficient ' based.-on the 
toean chord in the form " •' 

■ " - ; ■ ?m > = - 5 £ & 0 . A. tan p 

, . v ' T . .... . 

where a 0 is the lift curve slope for infinite aspect ratio 
and the. factor . .which, is given by charts (figs. 3 and 4), 
t aires into account the effects of pirn form and aspect ra- 
tio on the shape of the lift distribution. 

Tho second par.t of;, the lj.ft._di.st ri but ion is producer! 
when the angle of attach is increased from the attitude of 
zero lift. Th^ s distribution is oroportional to the ar^rle 
of attack- but ha*s a fixed centroid. The , net" 1 if t of the 
wing. may be regarded as. acting at this centroid, whi^h is 
therefore tailed the aerodynamic cei.ter of the win^ by anal- 
ogy with the ter;n f.or a$ airfoil section,. Its location 5s 
uven by its distance d behind the aerodynamic center of 
the central secti on . : ' Thi s dista.nca depends on' the an^rle of 
sweepback, the aspect ratio, and tho plan form but is inde- 
pendent of the twist and the airfoil section. The location 
of the aerodynamic center, is expressed as. a fraction of the 
mean chord in the form 

_JL^ = E A tan jj 

where -'the factor H, which. Is gri.v.en by a' cnart (fi£. .5).,' 
takes into account the ef feet s erf ■ p*l ^n farm and : aspect 
ratio on the shape of the lift distribution. 
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The total moment coefficient of a wing may be found 
as the sura 

° m ac = ° m S h Cm T 

where C n is constant about an axis through the aerody- 

namic center. The pi tehing-momo'nt characteristics of a 
win^ may accordingly be specified by the location of the 
aerodynamic center and the constant value of the pitching 
moment about an axis through that point. 

CONSTRUCTION OF THE CHARTS 



Tile values of C m , • an( * ~~zr~ are easily found 

for any wing when the factors E f F f G, and E are known. 

The factors have been calculated and plotted for the pla.n 

forms previously described. For use in the formula C m = 

S 

E C, Tic + F (C rat - C mc ) values of E and F f as calculated 

for the straight-taper wing for the complete range of taper 
ratios, are plotted on figure 3 against taper ratio. Values 
■ of 3 as determined for the wing with rounded tips for the 
cases of 2:1 taper and the rectangular wing are also plotter! 
on figure 2 for aspect ratios of 3, 5, and 9. In addition 
the value of S for an elliptical wing is plotted on the 
Ba'jie curve to aid in finding E for wings lying between 
the straight- taper and the elliptical plan forms. 

The values of G in the formula C ;a j = -G € a 0 A tang 
as calculated for the straight-taper wing for certain as- 
pect ratios and taper ratios, are plotted against taper ra- 
tio on figure 3, together with intermediate values found 
from a cross-plot against aspect ratio. The values of G 
for tho straight- taper wing are also .^iven for various as- 
pect ratios in figure 4, together with values computed for 
the distorted elliptical wing. This chart permits inter- 
polation to find G for a wing lying between the straight- 
taper and the distorted elliptical plan forms. 

lor use in the formula -JL. = H A tan p values of H 

c 

ss determined for the wing with straight taper of aspect 
ratios 3 t 5, 9, and 20 are plotted against taper ratio on 
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figure 5. The- vrluo for the distorted ollipti cal . wing oi 
any aspoct ratio is also shown. 

: SE 0? THE CHARTS 



Th3 total pi tching-oiornont coefficiont 



,Ji ac 



is determined from the equation previously given 



a 



'ing 



■'m 



ac 



>rng 



values of 



i s given "by Cj> Lg = E 



+ jtf' 



The 



and Cm may "bo determined from wind- tun- 
in^ c 

nel data. If reliable tost data arc not available the 
pi tching-moment coefficient may be e stiinated from reference 
3 which gives G,n A r A for a large iv. 

sections. The values of 2! and F 
plan form arc given in figure 2. 



iber of related airfoil 
for the particular 



The value "of C is given by 
a 0 may 1 bo 



Th^ value of 



G m T = .- G 
determined from a wind- tunnel t 



a 0 A t an j3 . 



of the airfoil or may be estimated f romref erance 3 if- test 



varies along the span 
The- factor & for the 
particular plan form may be obtained from figure 3 or. fig- 
ure 4 . 



d at a are not , av ai 1 ahl e . when a 0 
its average value should be used. 



The location of the aerodynaai c con t er is determined 
from the relation 
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~ H A tan j3 



in which 
■ire 5. 



H for the particular plan form is given in fig- 



A few notes "on calculating 'the characteristics of win*?? 
having plan .forms not given on the chdrts may be useful. 
For any wing having a rounded tip an approximate value of 



ct/c c may D8 found by determining 
ed, as shown by the dotted li^er in figure .1 (c) . 
of ' twist € and the moment coefficient 0^ + of 



for "the tip extend- 
The angle 
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with a rounded tip may be found by extrapolation from val- 
ues of twist and moment coof fi ci en t determined near the 
tip. If the ax? s of a xrinti is curved, a straight line may 
bo drawn through the axis to estimate the angle of sweep- 
t,->cl:. ™hen finding the factors from the charts for a wing 
with rounded tips it is convenient to regard the wing as 
•i>,t,\riuudiat o between the straight- taper wing and tho s dis- 
torted elliptical wing which may be considered as one bav- 
in.-: an oxtrono form of rounded tip. 

An example of one of the :anny uses of the charts is 
t .• e solution of the problem of determining how a change of 
the aw cop back of a twisted, wing affects the pi t ching-momont 
charac ter i st i c s • The offset on the location of the aerody- 
namic center and the value of the pitching moment may be 
found as follows. The curve of p i t ching-raoinent coefficient 

Z ir , based on the mean chord and referred to' the aerody- 

[u ac 

n ami c center of the wing, is determined from wind-tunnel 
data. The coefficient for the wing is then calculat- 

ed and subtracted from the curve, of C m to oo bain the 
curve of C rl . The coefficient C,,.,,' is calculated for the 



new nweepback and added to the curve of to obtain the 

curve of 3ia ac for the new sweepbach. The determination of 

the characteristics of the altered wing is completed- by 

finding d/a for. the new swoopback. 



L an g 1 c y Memorial A o r o n aU t i c al Laboratory, 

national Advisory Commit too for Aeronautics, 
Langloy Field, Va.', November l'o , '1933. 
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APPENDIX 
List of Symbol s 

chord at an:/ point along the span. 

chord at the center. 

chord at the tip. 

span. 

area. 

mean chord = ^\ 
aspect ratio = b^/S. 

angle of sweep back (positive for sweepbaciO . 
angle of twist from the center to the tip of the 

wing (positive when the angle of attack increases 

from the center to the tip). 

pitching moment (a stalling moment is positive). 

= — x-~zr , pi tching-noncnt coefficient. 
q o c 

section pi t'chi ng-momou t coefficient about the 

quarter-chord point. 
C m / at the center. 

C / 4 

Cv, / at the tit) . 

pi t ching-raoment coefficient of a wing due to the 
sections, 

pi t chi ng-inoment coefficient of a wing due to the 
twi r.t • 
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pitching-moment coefficient of a wing about an axis 

through the aerodynamic center, 
angle of attack at any point along the span, 
angle of attack at the center; these angles are 
measured from the attitude of zero lift for the 
sections. 

= dC L /da 0 * slope of the lift curve for infinite 

aspect rati o . 
induced velocity, 
ci rculation , 

F, G, H, factors presented on the charts, 
the distance from the aerodynamic center of the 
central section to the aerodynamic center of the 
wing measured along the chord of the central sec- 
tion. 

Derivation of Formulas 

The method used for obtaining the formulas is substan- 
tially the same as the method used by Glauert (reference 3), 
but because of a. different viewpoint and difforont coef- 
ficients the derivation of the rrequired formulas is given. 

As stated previously, the aerodynamic properties that 
contribute to the pitching moment of a wing may be regarded 
as the pitching moments of the sections and the lift forces 
distributed along the wing axis. The contribution of these 
properties to the pitching moment will be considered sepa- 
rately. 



- a ac 
a, 

a o' 
K, 

E 

A, 
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T : he Pitching Moment Trie to the Sections 



The pitching noment of a .wing element of width dy 
of ai^wing is' 

: ill* '= C, I q c d 3 : = , q c^ dy 

O *C /4 " C /4 

The total moment of the wing diie to the sections is then 
r r ivcn by 

b 

ii s = 2q / C L , / dy . (l) 

u o w:- < 

whare C rfl / and c are functions of y in general. 

c / 4 

The moment ivl g due to the sections may te expressed as 
a coefficient "based on the moan chord by 



•V: ■ 

CL, = — = SL / S r / c ? dy (2) 

S q ..,s .& S cr o J c/ 4 

3 

w/i-er'r ■ c = ^ 

The coefficient 3 may be obtained from (a) by in- 

u 

Producing the values of C m and c as a function of y 

C J 4 

an p . integrating. lor the straight- taper wing (using the 
r i "ht half) C m / was expressed as a linear function of 

y by • c ' 4 

•o rossed 



c = c c (1 > ~JU r) where = 1"' - .p. 



c "b/2 c c "' s 

•var, obtained in the ' form.' 
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r 1 2 v 
1-r + y #-T r+ 4 
where E = P = S. i! ±_ 

^ + | "• 1-r + | 

. For the wing with rounded tips and the distorted el- 
liptical wing, >c m c /4- WaS considered, .constant across the 

span and C~ was obtained in the form C m = E C ' . . 

m S m S m c/ 4 

The Pitching Moment Produced by the Lift Forces 



In the following calculation of the pitching moment 
produced "by the lift forces for a wing having a straight 
wing axis a familiarity with wing theory is assumed. From 
the theory the lift produced by a wing section of width 
dy may be expressed dL - PVXdy where K is the circula- 
tion around * the section. Tfie lift acts at the aerodynamic 
center of the section (which is assumed to be the quarter- 
chord poirtt) and referring to figure 1 (a) , will produce a 
moment about the lateral axis of 

d ="■ y (tan p) PVZdy 

The moment of the entire wing may be found from the 
integral 

M L = 2 PV tan 0 f° K y dy (4) 

2 

By UGe of the method of reference 4 (p. 138) the coordinate 
y is replaced by the angle 6 by the relation 

y = - | cos 9 (5) 

so that 6 varies from 0 to rr from left to right across 
the span of the wing. Also the circulation is represented 
by the Fourier series 

K = 2 b V 2 K sin n 9 (s) 
n=:-l 

■■-.•here n has only odd integral values. Equation (4) may 
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now be expressed in terms of 0, using the values for y 
and K given "by (5) '.and (d) . 

i: -2b 3 — tan 6 A sin n G sin 6 cos 9 d 6 

u 2 r 0 11 

Afitef- i'n;ti3 grating, '• : ; i : s found to be 

' f " : \ 0 V 2 : V A 1 A 3 A;- "A 7 \ 

L ^ v "3 5 21 45 



The moment produced by the 1-l.f.t forces is -expressed as a 

IvIt 

coefficient C m = — » as in the case of the moment 

q S c . ( . , : . ( ... - , ., ( 

due t.o /Jthe sections, Tjien in terms of the -^-spect r^t i 0 A, 
the. pi tbhing-tao^nt coefficient of th-e lif-t. forces- about 
the lateral axis become s _ s> 

: a - - 2A 2 tan' £ "(-1 + ~ ~ fa + " ..J ... . .) (7) 

For any wing the coefficients' A n may be expressed in the 
for;:: A n = B n ac + 0 n .e» . as will bo shorn later. The 
ar:;le a c is the angle of attack of the central section of 
tii?-? win.g- and ■■■£' is the increase in angle of 'attack from the 
center to the tip. The coefficients B n and C n are 

functions of the plan form and of A/a Q . The coefficients 

may also be expressed in; terms of the lift coefficient of 
the wing from the relation Or = rrAA 1 = rrA(B 1 a c + G x c) 
(reference 4) . Then 



and finally 



■ 1 V U L \ 
— — — C € ' 

a c - 3 X M r A " V ' 



. 3 n ,^L. V - 



By introducing this value of A n .in (?) and rearranging 

the terms, the pi t ching-rioment coefficient of any wing a- 
bout the lateral axis rary be expressed 
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2A tan. £ 



17 Bi 



21 



-2A 3 tan (3 



45 

3. 



(8) 



^5 21 45 " " ' ' * JT ^ V 5 21 



45 



From . the. form of the above equation it is apparent that 

consists of a part -which is proportional to the lift 

coefficient of the wing C L> and a part which is propor- 
tional to the twist £. The lift may "be regarded as acting 
at a point in the plane of the central section of the wing. 
This point is named "the aerodynamic center of the wing., " 
and is located "by its distance d "behind the aerodynamic 
center of the central section. (See fig. 1(a).) Then the 
part of the C mL that is proportional to the lift coeffi- 
cient is equal to - JsL C L . The part that is proportional 

c 

to the twist is the moment coefficient about the lateral 
axis when the net lift is zero, as may be seen by putting 
C L 0 in (8), The distribution of lift forces that pro- 
duce,, this moment coefficient depends primarily on the twist 
hence it is designated H C m rn" , the moment coefficient duo 



to twist. Then C 



m- 



may bo written 



~rr c l + C ^T 

c 



(9) 



From (8) and (9) JL- and C m may bo expressed in the 



forms 



d 
c 



= H A tan 0 



(10) 



where 



H = 



-2L 



TT B. 



v 3 . 5 21 45 



-•••) 



and 



- 3 e a Q A tan p 



(11) 
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Reference to the foregoing equations shows that the loca- 
tion of the aerodynamic center of a wing is independent of 
the twist. Also, as the lift acts at the aerodynamic 
center, C mT ' is constant about an axis through' that point, 

Then the total moment coefficient of the wing is 



m ac 



wnere 



i s the 



ac 



moment coefficient- atont, an axis through the aerodynamic, 
center. The pi tchi.ng-moment characteristics of any wing 
may accordingly he specified by giving the location of the 
aerodynamic boh for and the value of the pitching moment 
about an axis through that point. The location of the aero- 
dynamic center and the" pi t ching-momeirf coefficient due to 
tw-i. st are found for any wing having a straight wing axis 
from (10) and (ll) , by the substitution of the* values of ' 
tho coefficient 3 n and C n - of the wing. 

Do termination o f . t h ,c r Q_o f ^QioxL t a ♦ - Th e c o o f f i -cientg 
for any wing may be found from the following equation (ref- 
erence 4, p, 139):" 

V 4 b ■ n \ 

\a 0 c sin B / 



a = 2 A n sin : h G 



(12) 



Tho an;; la of attack at any point along the span .a may te 
expressed as a function of ti by 



a 



'a, + :f ( 6) €■ 



where a. is the angle of attack at the center of the '.Ting, 
and c is the increase in angle of attack from the center 
to the tip. In determining the coefficients A R from (12) 
only values of 9 between 0 and tt/3 need be considered, 
as the curve of lift distribution is symmetrical about the 
midpoint. Any number of the coefficients A n may bo ob- 
tained by putting the corresponding number of values of r ; 
successively in (12) to obtain a series of equations. When 
the value of 4 ^ for the particular wing is substituted 

a 0 c / 
and the equations are solved simultaneously (expressing a 

by (13)), the coefficients' A n arc obtained in the form 
A n = 3 n a c + C n e. 

ling Eilii straigh f _t ap er .... and l inear t wi st . - Whe n th e 
ias a linear variation alon.^ the span the angle of 
any point of the left half of the wing may be 



twi st 
attack a 
wri t ten. 
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cc = a 0 -h e cos 9 , 

following the form given by (l3).V The chord at any point 
of the left half of the wing may "be expressed 

c = c c (l + r) , whera c t /c c = 1 - r. 

Then in terms of 3 

c = c c (1 w r cos (14) 

Also b = A c and expressing c in terms of c c and r, 

b becomes 



b = 



A c £ 



(2 - r) 



Thou 



-b _ 



a, 



2 A (2 - 
!l - r cos 



The slope of the lift curve a 0 does not vary greatly for 
the win-* sections in common use and may therefore bo con- 
sidered constant. The value used will bo 5.79 per radian, 
which is the value for a good wing section as determined 
from tests in 'the variable-density wind tunnel. Then, sub- 
stituting the above values of a and --iiL. in (12) the 

an c 

equation for determining the coefficients A n for a wing 
with straight tapor and linear twist may be written 



a c + tcos 6 = £ A n sin n 



5.79(1 - r 



cos 



eT 



n 



sin 0 



j (IE ' 



From this equation four values of the coefficient A r , were 
determined by putting 6 = 22~l/2°, 45°, 67-l/2°, and 90° 
successively to obtain four equations. These equations 
were tnan solved simultaneously, using several values of A 
and r. The values of A and r and the corresponding 
values of B n and are given in table I. The values 

of H and Gr were then calculated by substituting the val- 
ues of the coefficients in the formulas under (10) and (ll) . 



Pi st or t od o ll ipti cal win 
cation of th; aorodynauic center and 



with linoar twist .- The lo- 

tho moment dun to twi st 
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for the distorted elliptical wing may "bo found by a simpler 
method than that used for the straight-taper wing. As 
s/tatod previously,- the location of the aerodynamic cent or 
is independent of twist. ' When the wins is without twist 



(e = 0), 



= 0 , and from (9) 



-4- c 



L* 



Also, when the wins is without twist the lift distribution- 
is in the form of a half ellipse and all the coefficients 
in the scries for the circulation are zero except A 1 . (See 
reference 4, p. 14o.) Then from' 'equation (?) we may write 



but 



C = - S. A 

ra r ? 

T i O 




tan p = - 


, hence 

rrA 






_d_ 
c* 


- ii. 

3tt 


A tan .p 


to equation 


(10) 


it will bo 



. • • : , ; <3lT 

The coefficient of' moment :due ; to twist f C Vim , is e'rjual to 
0 " - when ,0y - 0, as may be seen by referring to equation 

( 0 . TncVn Sjj. = 0 t "A 1 = 0; therefore, using (7) we may 
write , ( 



G ;n - - 3 tan jj ^i- + ±2 - 
,n T ' 5 31 45 



(16) 



•The co 3tf f icionts A r may bo found from (12; f-.b before, 
Trie chord in teriiis of :) is 



Also 

and 
then 



C = C c yy/T - COS 5 S 

r •. 

b ±= A c 



*c c sin G 



..... S 
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7T A 
a 0 sin S 



This wing was considered to have a linear distribution of 
twist, as in the case of the wing with straight taper. 
Substituting the v alue of a for linear twist and the 

above valuo pf -iL. in (12) 



a 0 c 



2 A n sin n b . / n a \ 

cc c + e cos 6 = 5 ■ + n ) 17 

• c sin 6 V ao J ' 

The coefficients A n which occur in equation (16) for C !n rp 
could be obtained from the above equation by the method 
used in the determination of the coefficients for the wing 
with straight taper, that is, by solving a set of simultane- 
ous equations for each value of A. However, owing to the 
simpler form of the equation for the distorted elliptical 
wing (17), 0m? may be expressed in terms of A and a new 
series of coefficients which may be found by the solution 
of only one set of simultaneous equations as follows: 

Equation (17) is expanded and reduced t s o the form 



cos 6= k 3 ( 1+ ?MJiJL\ - 1,3 ( 1 _ sin_5i^ + k 7 ( 1 
! v sin cf , \ - sin '~J / . \ 



The coefficients A n are obtained in the form 



a_ = JEilL 



+ sin 7 t. _ 

sin 8 J ( 18 j 



n 



*tA , 
— *t n 



and (lo) may therefore be written 



C m - - 2 A 2 tan |3 



3C, € 



5 — + 3 



L l a 



21^ + 5" 45( HA h- 7^ 



l 0 ' Va O > o. 0 

and using the form given "by (ll) , Cr becomes 



13 
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■ „.,. , •, , .,..„ — . .f - — 

+ — ) 4oTT ( 1 + ~) . 

In^tlie calculation of the values of G for the dis- 
torted elliptical wing given in figure 4, three values of 
k r . 7'ere used. They were determine", by solving simultane- 
ously the three equations obtained by putting 8= 22-l/3°, 
45°, and 67-l/2°i successively; in equation (18) . The co- 
efiicients were found to have ..the following values: 

kg = 0.2724, k 5 = -0.0811, k 7 = 0.0543 

Also avj was taken as 5. 79 per radish as in the case of 
the straight- taper wing. 
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Values of B and 0 - Straight Taper Wing 



(c,/c c - 1 - r) 



*c - 5-79 



0 

-A 

1 



1/2 



Bi 



0.3660 
• 3777 



■0075! 



o 
1/4 
1/2 
3/4 

l 



.2256 
.2297 
.2333 
.2;47 



.0264' 
.0195! 

.0072 

-.Olio 



3 5 


3 7 


d 

.... 


0 3 




0 5 

... . 


o 7 




Aspect 


ratio 3 








o.oo46 

.0094 
-.0015 


0.0007 
-.0009 
-.00114 


0.1569 

•1553 
.1317 


0.0745 
,o6to 
.0267 


-O.C063 
-.OO67 
-.0197 


0.0065 
.0069 
.0051 




Aspect 


ratio b 








.OO^Ci 
.007S 
.0096 
.0100 
.0021 


.0010 
.0001 
- .OOCS 

-.0017 
-.00 to 


.0990 
.09*4 
.0962 
.0916 
.0766 


.0596 
.0554 

.C ; +95 

.0595 
.016 


-.co 2'; 
-.0029 

-.0037 
-.0062 
-.0160 


.0057 

.0059 
.0062 
.oo64 

.004*5 
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0 
1/2 
1 


.061; | .0170' .00^3 
.0640 ; .004+: .00-4 
.0^.31* :-.02'+4| .0039 


.0012 
- . 0003 
-.0033 


.O37o 
.C3'!-9 

1 .0270 


.0302 
.0237 

.0067 


.0013 
-.0006 

-.00.33 


.0037 

. 0040 
.0035 


Asped 
ratic 


; r - 1/2 


k 1 

o 
10 


.3131 

•2673 
.1260 
1 .1546 


.0073! .0097 — .0009 

.0074; .0097 -.000 B 

.0067; .0092 -.0007 

.00o2| .0067; -.0006 

i 1 


j 

! .1269 
1 .noi 

| . Of ob 
j . 0b40 


... 

.o-p 6 

. 042S 

.0377 


r " i 
-.0034 

-.ooto 
-.0027 
-.0020 


.OO67 

.0064 
.0052 

.0054 
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Fig. 1 




1 -Baeio ellipse 

(b) Distorted elliptioal. 




(o) Rounded tip. 
Figure 1.- Plan forms of the winge. 
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